In 1994 a cerebral palsy (CP) register and healthcare programme was established in southern Sweden with the primary aim of preventing dislocation of the hip in these children.
In cerebral palsy (CP), dislocation of the hip is a major problem, but in many cases it is preventable. The risk of developing a dislocated hip in the whole population of children with CP has been estimated to be between 15% and 20%. 1 The risk is highest between the ages of two and five years in children with severe limitation of gross motor function, and occurs predominantly in children with the spastic or dyskinetic subtypes. 2 Repeated radiological examinations are required to detect displacement of the hip. 2 The most frequently used measure of lateral displacement of the femoral head is the Reimer's migration percentage (MP) (Fig. 1) . 3 Most authors classify hips with an MP > 30% to 33% as displaced, and hips with an MP > 90% to 100% as dislocated. 1, 4 The forms of conservative treatment which are available to prevent displacement of the hip involve positioning the hip in abduction and extension. 5 It has also been suggested that weight-bearing in abduction and extension has a preventive effect. 6 The effect of reducing muscle tone with botulinum toxin A, intrathecal baclofen or selective dorsal rhizotomy has been questioned. 7, 8 Most hips with an MP > 40% need surgery to prevent them progressing to dislocation. 9, 10 Adductor-psoas lengthening, varus osteotomy of the proximal femur and pelvic reconstruction are generally considered to be the procedures of choice.
In 1994, a surveillance programme for CP called the Cerebral Palsy Follow-Up Programme (CPUP) was established in southern Sweden. All children born after 1992 were eligible for inclusion, with those born between 1990 and 1991 forming a historical control group. After ten years (on 1 January 2003), the hip prevention programme was evaluated. 1 Only one of the 258 children in the study group, who were then between five and ten years of age, had developed dislocation of the hip, compared with eight of the 103 children in the control group, who were aged between 11 and 12 years.
The aim of this study was twofold: first, to perform a 20-year follow-up evaluation of the CPUP surveillance programme using the two cohorts that were analysed in 2003; and secondly, to analyse the hip surveillance results in all children with CP born between 1998 and 2007 who were living in the study area.
Patients and Methods
The programme started as a collaborative initiative between paediatric orthopaedic surgeons, neuropaediatricians and physiotherapists in southern Sweden, which has a population of 1.3 million. All children born since 1990 have been reviewed every four years to identify those in the designated catchment area with possible CP. In each case, the diagnosis of CP and its subtype were verified after the child's fourth birthday. The prevalence of CP in the area was 2.7 per 1000 children.
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CP was initially defined according to Mutch et al, 12 and after 2010 according to Rosenbaum et al. 13 The Swedish classification of subtypes of CP by Hagberg, Hagberg and Olow 14 was used, and also, since 2000, the Surveillance of Cerebral Palsy in Europe (SCPE) classification algorithm. 15 Gross motor function was classified according to the Gross Motor Function Classification System (GMFCS) 16 after 1995 and its revised version after 2010. 17 The CPUP healthcare programme includes a standardised follow-up of gross and fine motor function, clinical findings and treatment. A local physiotherapist and occupational therapist examine the child and complete an assessment form twice a year until the age of six years, and once a year thereafter. The results are computerised, and the treatment team receives an online report summarising the child's long-term development.
The radiological follow-up programme in CPUP was initially based on the subtypes of CP. Children with diplegic, tetraplegic or dystonic CP are examined with an anteroposterior (AP) pelvic radiograph at the time of diagnosis, or suspicion, of CP, and then at least once a year until their eighth birthday. After this, radiographs are carried out on an individual basis. Children with spastic hemiplegia or pure ataxia are only examined at the age of four years. Since 2007, the radiological follow-up programme has been based on the GMFCS. Children in GMFCS levels III-V are examined radiologically once a year, and those in level II at two and six years of age. Children in level I are not examined radiologically, provided that they have a normal pain-free range of movement of the hip. After eight years of age the children are followed individually according to the results of their previous clinical and radiological findings. After fusion of the growth plate, those with an MP < 33% and without a progressive scoliosis are only followed clinically. Any decrease in the range of movement at the hip or onset of scoliosis is an indication for further radiological examination. Hip dislocation was defined as MP 100%.
This study included children and young adults with CP born between 1990 and 2007 who lived in the catchment area between the start of the programme in 1994 and January 2014 (Fig. 2) . The control group, born in 1990 and 1991, and the first study group, born between 1992 and 1997, do not include those who moved into the area after January 2003. In the second study group, born between 1998 and 2007, data on children who moved into the area were included but analysed separately. Data were censored on 1 January 2014, or when a child moved out of the area or died. Overall, four children born between 1992 and 1997 and 12 born between 1998 and 2007 did not participate in the programme. Information about dislocation of the hip and operations in these children was collected during the inventory.
The children were treated at 13 centres in southern Sweden. Non-operative treatment to prevent contractures consisted of appropriate lying, sitting and standing positions and the use of orthoses. Most children in GMFCS levels III-V were treated with a customised standing brace. Preventive surgery consisted of adductorpsoas tenotomy, varus osteotomy of the proximal femur or pelvic reconstruction, usually by Dega osteotomy. The MPs were measured on all radiographs by one of the authors (GH). There are four orthopaedic departments in the area: decisions on preventive surgery were made locally.
The proportion of CP subtypes, GMFCS levels and gender in the control group and study groups were similar in the three cohorts (Table I) . Statistical analysis. The prevalence of dislocation of the hip was calculated for the control group and for the two study groups. Corresponding 95% confidence intervals (CIs) were calculated using the exact binomial method. For groups with zero prevalence, one-sided 97.5% CIs were used. The relative risk (RR) was calculated by comparing the second study group with the control group in order to evaluate the effect of the follow-up programme. The effect was further evaluated by calculating the preventive fraction, which is the fraction of dislocated hips that could potentially have been prevented by implementing the programme.
Life table methods were used to illustrate the differences in the probability of surgery in terms of the age between individuals with different GMFCS levels. Differences in life table data were analysed using standard multiple logistic regression analysis, correcting for age groups zero to three, three to six, six to 11 and > 11 years by including indicator variables. Estimates of the odds ratio (OR) were presented with 95% CIs. As there were no operations in children with GMFCS level I, this group was excluded from the regression analyses.
Logistic regression was also used to estimate the difference in the frequency of surgery between those in the two more common CP subtypes: spastic bilateral and dyskinetic CP. Both crude and adjusted (for GMFCS level) analyses were performed. STATA version 12 (StataCorp Stata Statistical Software: Release 12. College Station, Texas) was used for all statistical analyses. The study had ethical approval. Flow chart showing the number of children with cerebral palsy living in the area, moved into or out of the area, or deceased in the three study cohorts. 
Results
By the census date (1 January 2014), eight of the 103 children in the control group (born 1990 to 1991) had died at a median age of 11 years (IQR 11 to 13) and seven had moved out of the area at a median age of 16 years (IQR 11 to 16) (Fig. 2) . Dislocation of the hip had occurred in nine patients, eight of which occurred in children between three and six years of age. One boy underwent bilateral adductor psoas tenotomy at the age of five, and bilateral varus osteotomy and Dega osteotomy at the age of 12. At 14 he had displacement of his left hip with an MP of 60%. Further surgery was recommended, but the family opted to wait. By the age of 16 the hip had dislocated; his symptoms continued and at the age of 22 he underwent resection of the femoral head.
Of the nine children with a dislocation, four underwent resection of the femoral head, at the ages of nine, ten, 11 and 22 years. All children with a dislocated hip were in severe pain, at least periodically, and all had a scoliosis with a Cobb angle > 40°. A total of four children with a dislocated hip had died at the ages of eight, 11, 12 and 17 years respectively. Preventive surgery was carried out for 12 children in the control group (Table II) . All those with a dislocated hip or who underwent preventive surgery were in GMFCS levels IV or V. At the time of evaluation, two 23-year-old men in the control group had hips with an MP > 40%. Both have remained with a stable MP since they finished growing.
Of the 258 children in study group 1 (born 1992 to 1997), 21 had died at a median age of 12.5 years (IQR 8 to 15) and nine had moved at a median age of nine years (IQR 6 to 13) (Fig. 2) . Two of the 210 children born in the area and who participated in CPUP developed a dislocation of the hip. Both were diagnosed with a displaced hip before dislocation. However, these children were not considered well enough to undergo surgery. Of the four children in the area who did not participate in CPUP, one developed dislocation in both hips. Of the 48 children who moved into the area, one had a dislocated hip before joining the programme. No child in study group 1 developed a dislocated hip since joining CPUP.
Of the 431 children in study group 2 (born 1998 to 2007), 14 died at a median age of four years (IQR 3 to 8) and 17 had moved from the area at a median age of five years (IQR 4 to 6) (Fig. 2) . None of the 349 children born in the area and none of the 82 children who moved to the area had developed a dislocated hip at the time of analysis. Several of the children who moved into the area had been followed in CPUP in other parts of Sweden.
The RR of dislocation of the hip between the second study group and the control group was zero. The 95% CI for prevalence of dislocation in the second study group was 0% to 0.09% and the estimated preventive fraction was 1.
Preventive surgery was undertaken in 15% (39/258) of the children in the first study group and 12% (52/431) of those in the second (Table II) . No child in the study has needed salvage surgery. A total of 55 children underwent bilateral adductor psoas tenotomy as a first surgical intervention at a mean age of 4.8 years (1 to 10), and 36 underwent adductor psoas tenotomy and varus osteotomy of the proximal femur at a mean age of 4.9 years (2 to 14). Of the 55 children who were treated with adductor psoas tenotomy, one needed a revision of the tenotomy and 24 needed a varus femoral osteotomy a mean of 2.7 years (1 to 7) later: five needed a further osteotomy a mean of 4.6 years (2 to 10) after the second operation. Of the 36 children treated by varus femoral osteotomy as a primary intervention, ten needed a further osteotomy, in two in combination with a Dega osteotomy, a mean of 3.2 years (1 to 5) later.
The percentage of children who underwent preventive surgery increased with GMFCS level (p < 0.001) from 0% in level I to 49% in level V (Table III) (Fig. 3) . All had spastic bilateral, dyskinetic or mixed CP subtype; no child with spastic unilateral or pure ataxic CP had preventive surgery. The observed difference in surgery between children with bilateral and dyskinetic CP was small and not statistically significant (OR 0.9, p = 0.63, Table IV ). However, when adjusting for GMFCS level, it was found that children with spastic bilateral CP had almost twice the risk of undergoing surgery as those with dyskinetic CP (Table IV) . Risks corresponding to other sub-diagnoses could not be evaluated owing to the small number of children in these groups who had surgery. At the time of census, two children in study group 1 had an MP ≥ 40% (41% and 44%, respectively), in addition to the four with a dislocated hip. The degree of displacement had not increased during the preceding years and they continue to be followed radiologically according to the followup protocol. In study group 2, nine children had an MP ≥ 40% (40% to 51%) by the date of the census. This had recently been detected in five children who are scheduled for preventive surgery. The degree of displacement has not increased in the other four children, who are followed in the CPUP. Currently, there are no plans to operate on them.
Discussion
The risk of dislocation of the hip in all children with CP has been estimated to be 15% to 20%. 1 In the historical control group, nine children (9%) developed a dislocation and seven others (7%) underwent preventive surgery. This corresponds to the natural risk and means that approximately one in three dislocations was prevented, even in the absence of a systematic prevention programme.
Except for the two children who were considered to be too unwell to undergo preventive surgery, no child in the CPUP had a dislocated hip at census suggesting that it is eminently possible to prevent dislocation of the hip in children with CP. Preventive surgery was undertaken in 15% of the children in study group 1 and in 12% in study group 2. As children in the latter group were six to 15 years old at census there will probably be more displaced hips in this group that will need surgery. Furthermore, the estimated preventive fraction, which was 1.0, indicates that all dislocations could potentially be prevented by using the follow-up programme. This was further supported by the fact that the prevalence of dislocation of the hip in the second study group was 0 (95% CI 0 to 0.09). This means that the true prevalence, given the conditions in this group, is at most 9/10 000 with 95% certainty.
The mean age at first operation was 4.8 years, but the youngest was only one year old. In a previous study 18 children from the same catchment area in GMFCS levels III-V born between 1996 and 2003 were compared with children of the same age from Norway who were not in a hip surveillance programme. In the Norwegian group, 15% of children in GMFCS III-V developed a dislocated hip, despite there being a higher number of operations on the hip. These operations were performed a mean of two years later than in the Swedish group, suggesting that one key component of CPUP is the importance of early identification and timely treatment of a displaced hip. An important prerequisite is the standardised radiological screening of the hip even in children with no symptoms from the hip. Simply to wait until symptoms appear is unlikely to reduce the number of dislocated hips in children with CP. Basing the radiological follow-up on GMFCS rather than on CP subtype has resulted in a reduction of radiological examinations by about one-third. The main reason for this is that children with spastic bilateral CP are represented in all GMFCS levels. The proportion of children undergoing preventive surgery by age group was similar in the dyskinetic and bilateral subtypes (Table III) . However, when children with the same GMFCS levels were compared in the adjusted analysis, those with spastic bilateral CP needed almost twice as many operations (Table IV) . This shows that both subtype and GMFCS level are important predictors of the need for preventive surgery. However, unlike subtypes of CP, GMFCS levels can be classified from an early age by several professions, even parents, and have been shown to be highly reliable and stable over time. 16, 19 In 1997, another hip surveillance programme based on the child's age and GMFCS level was established in Australia. 20 This programme also uses the MP and their indications for surgery are similar to those of CPUP, that is, hips with an MP > 40% and hips with an increase in MP by > 10% in one year. This programme has also been shown to be effective in preventing dislocation of the hip. The Australian programme contains more frequent radiological examinations, but unlike the CPUP programme, it does not include annual clinical examinations by a physiotherapist.
Of the 91 children in the groups studied who underwent preventive surgery, 35 (38%) required a second and five (5%) a third operation. In study group 2, more children will probably need repeated surgery until they are fully grown. The proportion of children who needed a second operation was higher after adductor-psoas tenotomy (45%) than after varus osteotomy (28%). Adductor-psoas tenotomy is more often performed in children with a lower degree of displacement, in the knowledge that an osteotomy might be required in the future. A second operation should not be regarded as a complication of treatment. The muscle imbalance and spasticity remain more or less unchanged post-operatively and may re-dislocate the hip. Therefore, patients should be followed throughout their entire growth period.
Most children with an MP > 40% need operative treatment to prevent dislocation of the hip. 2 When to operate and which operation to choose needs to be investigated in long-term follow-up studies. In this study, only four children underwent pelvic reconstruction. Acetabular dysplasia usually develops at a later stage than lateralisation of the femoral head. 9 Early surgery may prevent the development of acetabular dysplasia and the need for pelvic reconstruction. There are no recommendations so far that address the type of surgery to be undertaken in the CPUP. The decision regarding the type of surgery to be carried out is made locally by the child's orthopaedic surgeon. This makes evaluation of the methods more difficult and is a limitation of this study.
Dislocation of the hip in CP is associated with pain, a 'windswept' deformity, pelvic obliquity and scoliosis, which impair lying, sitting and standing. 21 This is also shown in this study by the clinical findings in children with a dislocated hip.
In order to succeed with a hip dislocation prevention programme, the main challenge is to identify all children with CP, or suspected CP, at a young age and to perform a clinical and radiological examination as early as possible. It is also imperative to have prompt access to preventive surgery. 22 However, the effectiveness of a preventive treatment programme such as CPUP also depends on the setting in which it is implemented. Contextual considerations, such as insurance cover in places where there is no universal healthcare cover; reimbursement schemes; long waiting lists; and lack of 'buy-in' from healthcare providers and policy makers are some factors that could hamper the programme. Nevertheless, many of these barriers could be circumvented, or the programme could be modified to fit the particular circumstances of a particular region. Since 2005, CPUP has been used throughout Sweden and is currently used in all or parts of Norway, Denmark, Iceland and Scotland.
In conclusion, this 20-year evaluation of a hip surveillance programme shows that it is possible to prevent dislocation of the hip in children with CP. 
